In this paper, we have considered a series-parallel system to find out optimum system reliability with an additional entropy objective function. Maximum system reliability of series-parallel system is depending on proper allocation of redundancy component in different stage. The goal of entropy based reliability redundancy allocation problem is to find optimal number of redundancy component in each stage such a manner that maximize the system reliability subject to available total system cost. Global criterion method is used to analyze entropy based reliability optimization problem with different weight function of objective functions. Numerical examples have been provided to illustrate the model.
Introduction
The problem of reliability redundancy allocation is to find out optimal system reliability by optimal allocation of redundancy components in series-parallel system. Reliability of a multi-stage system can be improved by adding similar or some different components redundancy to each sub-system as design alternatives. The design of a reliable system was improved by Hikita et al. [3] by the addition of redundant components. Several researcher [1, 2, 4, 5, 12, 13, 17, [20] [21] [22] presented redundancy optimization with multiple objective functions of system reliability, system cost and system weight etc. and solve that objective redundancy allocation problem by different algorithm and nonlinear optimization techniques for multiobjective system reliability design optimization in fuzzy and crisp environments. Tillman et al. [19] presented a comprehensive survey of previous works for system reliability with redundancy. Singh and Misra [18] , Kuo and Prasad [7] , Kuo et al. [8] , and Misra [10] presented reliability redundant allocation problem to increase the system reliability, which is important in reliability engineering.
For series-parallel reliability redundancy allocation problem, entropy represents the lack of the information about the state of the each sub-system. Very few authors discussed reliability analysis with entropy consideration. Musto and Saridis [11] presented entropy-based reliability assessment technique. The technique was demonstrated in a case study of a robotic system. Rocchi [15] introduced the entropy function in order to study the reliability and repairability of systems. Ridder [14] investigated the application and usability of the cross-entropy method for rare event simulation in Markovian reliability models. Rocchi [16] discussed and calculated the reliability function during system again through the stochastic entropy. Kroese et al. [6] introduced a new approach based on cross-entropy method for optimization of network reliability.
Here, we have considered a multi-objective entropy based reliability redundancy problem to finding the optimum number of redundant components, which maximize the system reliability with entropy as an additional objective function subject to available system cost. The redundancy reliability optimization problem is considered with two objective functions such as maximum system reliability and maximum entropy amount simultaneously with restriction on system cost. Numerical example is presented using global criterion method. 
Reliability Redundancy Allocation Model

Reliability Redundancy Allocation Problem
It is to be considered that an n stage series system and at each stage added (x i -1) redundant components in parallel, the objectives are to determine the number of redundant components at each stage such that the system reliability will be maximize subject to related cost constraints.
Therefore the maximization of R s subject to the limited available cost C has to be found.
Therefore the problem becomes
Entropy in Series Parallel System
Entropy has important physical implications as the amount of "disorder" of a system. A more abstract definition is used in mathematics.
The Shannon entropy of a variable X is defined as
where p(x) is the probability that X is the state x, and p(x) log p(x) is defined as 0 if p(x) = 0.
Reliability redundancy allocation problem is the redundancy distribution of each stage of a series-parallel system. To determine a suitable measure of allocation, let us consider a n-stage series-parallel system with x i (i=1,2,…,n) number of redundant component of each i satisfying the condition and defines a probability distribution and the Shannon-entropy measure the diversity of the probability distribution
Maximum is reached when
e. when allocation of all stage have the same no of redundant components. Since increasing of x i , maximizing Inp i is equivalent to maximizing entropy as defined above. This is one of the reasons why the entropy optimization model is particularly suitable for the redundancy allocation problem. In redundancy allocation problem, entropy acts as a measure of dispersal of allocation between stages. So it will be more potential if we would like to have maximum system reliability as well as maximize entropy measure.
Multi-Objective Entropy Redundancy Allocation Problem
Taking entropy function as additional objective function the problem (1) 
Method of Global Criterion
A multi-objective non-linear problem may be taken in the following form
subject to x X={x R n : g j (x)  b j for j=1,…,m; l i x i u i for i=1,2,...,n}. Here we examine the method where the ideal objective vector is used as a reference point and L p -metrics are used for measuring. In this case, the weighted L p -problem for minimizing distances is stated as
The exponent 1/p may be dropped. Problems with or without the exponent 1/p are equivalent for 1 p    .
The solution obtained depends greatly on the value chosen for p, commonly used choices are p=1,2 or  . 
The objective function
is the sum of the normalized weighted deviations, which is to be minimized.
For p=2,
When p becomes larger, the minimization of the deviation becomes more and more important.
If p= , GCM (6) 
Global Criterion Method on Entropy Based Reliability Redundancy Problem
In entropy based reliability optimization of series-parallel system, maximum system reliability   s R x and maximum entropy
 
En x has to be found, having subject to the system cost constraint with goal of system cost is C. So the problem is a multi-objective entropy reliability redundancy allocation problem as follows
, ,..., n x x x x  and x i >1 for i=1,2,...,n. To solve the above multi-objective reliability optimization problem (11), according to section 3 pay-off matrix is formulated as follows: Using Global criterion method for the problem (11), the weighted L p -problem for minimizing distances is stated as Minimize
Putting different value of p (1,2 or  ) in (12), we get as follows For p=1,
For p= , (12) is of the form
To solve the entropy based reliability redundancy allocation problem (11) using GCM, we have to solve (13) , (14), (15) with same constraints as in Equation (10) for different weight. The pay-off matrix is formulated as follows: (13), (14) and (15)) are given in Table 2 for different preference values of the objective functions.
Numerical Example
In case-I, Table 2 shows different optimal solutions e decision maker supplies more prefe the han the reliability function. problem of multi-objective reliability redundancy allocation problem with entropy function. Two objective functions are combined into a single objective function by the global criterion method. The optimal solutions for different preferences on objective functions are presented. Decision-maker may obtain the Pareto optimal results according to his expectation of system cost.
 
Here it is considered that the problem as to finding the optimum number of redundancies, which maximize the system reliability and entropy subject to the limited system cost. The system reliability increases with increases of redundancies and entropy of the system decreases which is expected.
